Dzyaloshiniskii-Moriya (DM) interaction in three directions (D x , D y and D z ) is used to generate entangled network from partially entangled states in the presence of the spin-orbit coupling. The effect of the spin coupling on the entanglement between any two nodes of the network is investigated. The entanglement is quantified using Woottores concurrence method. It is shown that the entanglement decays as the coupling increases. For larger values of the spin coupling, the entanglement oscillates within finite bounds. For the initially entangled channels, the upper bound does not exceed its initial value, whereas the entanglement reaches its maximum value for the channels generated via indirect interaction.
Introduction
Quantum Information Technology (QIT) promises faster and more secure means of data manipulation by making use of the quantum properties of matter [1] - [5] . The quantum network is a fast growing field in quantum information Technology. Specifically, a quantum network consists of quantum nodes connected by quantum channels [6] . The quantum nodes generate, process, and store information encoded in the quantum states of a physical system [7] . The information is exchanged through quantum channels by way of sending photons from one node to the other, or through quantum entanglement shared by the nodes [8] - [10] . The importance of the
The Model
It is assumed that entangled network consists of four nodes is generated by using partial entangled states of Werner type [16] [33] . In the suggested quantum network the node "1" and node "2" is initially connected as well as node "3" and "4" (solid line). The dash line between the node "2" and node "3" represents the connections which generated by the DM (x, y and z) interaction with the effect of the spin orbit coupling Jx, Jy and Jz as seen in Figure 1 . A.-H. Abdel-Aty et al.
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Consider a partial entangled state generated by a source of the form The final density operator of the network is given by
where
is the unitary operator which can be written explicitly in the basis 00, 01,10,11 as 
where ( ) (6) and (8), one obtains the final entangled network between four nodes. Since that we are interested to quantify the degree of entanglement between different nodes, one can obtain the required density operator between each pair of nodes by tracing out the other two. For example, the density operator between the first and the second node is given by t tr t ρ ρ = and so forth.
Heisenberg XYZ Model with D y
Similarly, the Hamiltonian describing the evolution of the system when the interaction is switched to the y-direction can be written as.
In this case, the unitary operator is given by
In matrix form, the unitary operator Equation (10) can be written as a matrix Equation (8) 
Heisenberg XYZ Model with D z
Similarly, the Hamiltonian describing the evolution of the system when the interaction is switched to the A.-H. Abdel-Aty et al.
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z-direction can be written as.
Is the unitary operator which used to connect between particle "2" and "3" when the interaction is switched on y-axis and defined by ( ) 
In matrix form, the unitary operator Equation (13) can be written as in Figure 8 .
Where the elements of the matrix are: 
Results and Discussion
In this section, we quantify the entanglement between each pair of nodes. Practically, we consider the channels ( ) ij t ρ , where ij = 12, 13 and 14. For this purpose, we use Wootters's concurrence as a measure for the entanglement [34] which is defined by
where k λ (k = 1, 2, 3, 4) is the eigen values of the matrix ( ) Figure 2(a) depicted the evolution of the concurrence C in the presence of zero coupling or one and only one non-zero coupling. In this case, the hamiltonian will be convert to
. It is clear that for J x =J y =J z , the concurrence decays gradually to its minimum bound (C = 0.4) and then increased to maximum bound without exceeding the initial bounds. This shows that the decay is coming from the interaction be- tween the second and third node, and consequently some correlations are lost. However, the upper and lower bounds will depend on the non-zero coupling when it is switched on. This behavior shows that the minimum bound of C for J x ≠ 0 is always larger than that depicted for J y ≠ 0 or J z ≠ 0. On the other hand, the concurrence vanishes completely for J y ≠ 0 or J z ≠ 0, i.e., C = 0 as the scaled time increased without exceeding the initial upper limit [13] [14] . In Figure 2(c) , we investigate the behavior of the concurrence for J x = J y = J z ≠ 0. It can be seen that when the coupling parameters are small, J x = J y = J z = 0.1, the concurrence C decays gradually and vanishes when
. For larger values of J i (i = x, y, z), the concurrence decays comparably faster. Figure 2(b) describes the behavior of the concurrence for the entangled state 12 ρ , where two non-zero couplings are considered. The general behavior is similar to the one that is depicted in Figure 2(a) , but the number of oscillation increased within the bounds. If we compare the solid curves in the Figures 2(a) and (b) , we see that the presence of the coupling causes the concurrence to decay quicker. Figure 3 describes the behavior of the concurrence for the entangled state which is generated between nodes "1" and "3" via indirect interaction. Figure 3(a) describes the behavior of C for non-zero coupling where the same values of the coupling and DM's strength as considered in Figure 2 are being used. Since the two nodes are initially disentangled, the concurrence C = 0 at t = 0. As soon as the interaction is switched on and the entangled state is generated between the first and the third node, the concurrence increased towards the upper bound (C = 0.4). As t continues to elapse, the concurrence decays and vanishes completely. This behavior is repeated periodically.
The dynamics of concurrence, C, for the channel 13 ρ , when two non-zero couplings are considered is de- Figure 3(b) , but the number of oscillation increased as the value of the coupling increased. We note that the upper bound is slightly larger when J i is large. We investigate the behavior of the entanglement for state 14 ρ generated via indirect interaction, is shown in
Figure 2(c). It is clear that the general behavior is similar to that as depicted in

Figures 4(a)-(c).
It is clear that the behavior of C is similar to that displayed for 13 ρ . However, the upper bound for the state 14 ρ is much larger and reaches maximum value at C = 1. The number of oscillation of the concurrence increased as the spin-orbit coupling increased. On the other hand, the oscillation increased if all the couplings have non-zero values. The dynamics of the entanglement in the quantum network when the interaction is switched on y-direction is shown in Figures 5-7 . Figure 5 represents the entanglement over channel "12" with different values of the spin-orbit coupling. The parameters used in Figure 5 (a) are identical to the one used in Figure 2(a) but the interaction is switched on y-axis with fixed D y = 0.2. It is shown that when J x = J y = J z = 0, the Hamiltonian represents the normal case without the effect of spin-orbit coupling has the form
is represented by the solid red line [16] . The black dotted line illustrates the effect of the spin-orbit at J x = 0.5 and J y = J z = 0. It is shown that the concurrence started from the maximum value at C = 0.62 and the entanglement decreased quickly as time goes on. The effect of spin-orbit J z = 0.5 is shown by the dotted blue line which is similar to the black dotted line. The green dashed line represents the effect of J y = 0.5 and J x = J z = 0. The entanglement shows similar behavior to the case when spin-orbit effect is ignored but a slight different to the amplitude of the entanglement. Figure 5(b) shows the effect of the spin-orbit interaction in two different directions. In this figure, the curves is initially started from its maximum and then the entanglement decreased to zero at t = 1. Then, the entanglement is increased again and reaches C = 0.4 at t = 2.5. One observes that the entanglement is influenced by the spin-orbit and the number of oscillations is increased.
The effect of J x , J y and J z in the dynamics of the entanglement over channel "12" is depicted in Figure 5 (c). This figure shows that the dynamics of the entanglement can be influenced by the values of the total spin-orbit interaction where the oscillation is increased by increasing the value of the spin-orbit. Here the solid red line represents the dynamics of the entanglement for J x = J y = J z = 0.1, the dashed green line is produced by J x = J y = J z = 0.3 and the dotted blue line is produced by J x = J y = J z = 0.5.
The dynamics of the entanglement on channel "13" with the effect of the spin-orbit interaction when DM interaction is switched on the y-axis. Figure 6(a) is similar to Figure 3(a) without the effect of the spin-orbit inte- raction. It is clear that there is no entanglement at the initial stage during the interaction period. The entanglement appeared at t = 2.5 and reaches its maximum at t = 3.75 and then vanishes after t = 5. It remains zero there until t = 10 and the same behavior is repeated periodically. The effect of x-spin-orbit is depicted by the dotted black line which has the same effect as the z-spin-orbit interaction to which the generation of the entanglement started at t = 1, and the generation of entanglement without spin-orbit is started at t = 2.5. The maximum value of the entanglement is 0.4 at t = 3. It decreased to zero at t = 6 and increased again after t = 8 up to maximum at t = 12. The effect of the y-spin orbit interaction is represented by the dashed green line. This figure shows the new feature is observed as the spin-orbit and the number of oscillations increased. Figures 7(a)-(c) show the entanglement dynamics between node "1" and node "4". In Figure 7(a) , we see that the spin-orbit interaction contributes to the x-and z-direction where the maximum value without the effect of the spin interaction is 4 × 10 16 (solid red line), and with effect of the x-and z-spin-orbit the entanglement reaches a maximum of 1 at t = 3.
The dotted green line shows no effect on the spin-orbit interaction in y-axis. can see in the red and dashed green lines for J x = J y = 0.5 and J y = J z = 0.5, respectively. The dotted black line and dotted blue line are the combination of the spin-orbit interaction in x-and z-direction which leads to the increasing in the entanglement oscillations. The effect of the spin-orbit affects the entanglement dynamics on channel "14" (see Figure 7(c) ) where increasing the spin-orbit value leads to the number of oscillations increased.
The effect of the spin-orbit interaction on the dynamics of the entanglement for the channel "12", "13" and "14" with DM interaction is switched on the z-axis is depicted in Figures 8-10. Figure 8(a) shows the effect 
Conclusions
We discussed the effect of the spin-orbit (Heisenberg XYZ model) coupling to the entanglement between different nodes in the quantum network. It is shown that the entanglement decays for nonzero coupling. The phenomena of the entanglement sudden-death and sudden-birth appeared for larger coupling values. It shows that the coupling constant of the entangled channel initially has no effect on the upper bound of the entanglement. However, the lower bound of the entanglement does not vanish for non-zero couplings. The number of oscillations is increased as the coupling is increased. For entangled channels which are generated either via direct or indirect interactions, the concurrence and the number of oscillations are increased as the coupling is increased.
Finally, it is shown that the generated entangled channel between any two nodes via indirect interaction has a large degree of entanglement and the upper bound exceeds the initial entangled state. Therefore, one may generate maximum entangled state from the less entangled state by controlling the spin-orbit coupling. This means that terminals of the generated entangled network can be used to perform quantum information task with high efficiency.
